SYNOPSIS The statement made in some standard textbooksthatBenedict'squalitativetestgivesa green, yellow, or orange-red precipitate with pure solutions of glucose of varying strength has been shown to be incorrect. Pure solutions ofglucose give only a bright red precipitate at all concentrations. These changes in the colour of the suspensions are observed with urinary glucose only.
The formation of green, yellow, orange, or brick-red precipitate in Benedict's qualitative test is made the basis for a semi-quantitative assay of 05, 1-0, 1.5, and 2% sugar in urine (Wootton, 1964) . This test fails to distinguish urine samples of 2% and higher strengths of glucose as the colour of the precipitate is uniformly red and cannot be differentiated. At the request of some severely diabetic patients living out of easy reach of any pathology laboratory, an attempt was made to extend the use of Benedict's test to high-sugar urine. It was felt that this could be done if instead of red, a green or yellow precipitate could be produced by using only 1 or 2 drops of urine instead of the usual 8 drops. Thus 1 drop of a specimen with 4 % glucose being equivalent to 8 drops of urine with 05% glucose should give a green turbidity. It was observed that the precipitate was always red. Green or yellow precipitate did not form however small the quantity of urine tested. It was puzzling to find that if after adding 1 or 2 drops of the test sample, further drops of normal urine were added to make up the usual 8 drops before beginning the test, green or yellow turbidity appeared. The Benedict's qualitative test was therefore investigated further.
Statements made in some widely read textbooks (Oser, 1965; Harper, 1969) The effect of urinary constituents, at a concentration corresponding to that in normal urine with added glucose (0 5 %), on the colour of the cuprous oxide precipitate was studied first singly and then in combination as there could be mutual interaction of the urinary constituents. The influence of increasing concentration of creatinine on the colour
The role ofcreatinine and histidine in Benedict's qualitative test for reducing sugar in urine of the precipitate at various concentrations of glucose was also studied.
Results
The results obtained are presented in Tables I and II  and Figure 1. It would appear from Table I that care must be taken in describing the colour of cuprous oxide precipitate formed during Benedict's qualitative sugar test. It is frequently confused with the overall colour of the precipitate and the blue colour of Benedict's solution. Thus the description of formation of a green precipitate (Oser, 1965; Harper, 1969 ) is a common error. While the precipitate is actually pure yellow, the blue background of the solution imparts an overall green colour to the turbid suspension. In the same way, although the suspension appears brown with 1 % glucose in water, the colour of the precipitate after settling is actually bright red. Table I ny change in the colour of the cuprous oxide precipitate which is uniformly of a bright red colour. This shows that the statements made in standard textbooks (Oser, 1965; Harper, 1969) '0-01 % ofalanine, arginine, cystine, leucine, lysine, methionine, serine, tyrosine, and valine, and 0-06% of glycine, glutamic acid, and taurine were each tested separately.
reducing effect on Benedict's solution (Harrison, 1957; Frankel, 1963) , and ascorbic acid, well known as a strong reducing substance, had no effect on the red colour of the precipitate. Of the 13 amino acids tested, histidine alone changed the colour of the cuprous oxide precipitate to orange. Creatinine, however, completely altered the colour of the precipitate to yellow. Creatinine is the anhydride of creatine and as such the latter may be expected to modify the colour of the precipitate in the way creatinine does. Surprisingly, creatine did not show any such effect. It appears therefore that of all the urinary constituents, only creatine and histidine alter the colour of the cuprous oxide precipitate. In a separate experiment, it was observed that on a molar basis creatinine is about ten times more effective than histidine in modifying the colour of the precipitate. As the urinary excretion of histidine is much less than that of creatinine, it may be concluded that creatinine is mostly responsible for changing the colour of the precipitate. However, since the excretion of histidine increases considerably during pregnancy (Bigwood, Crokaert, Schram, Soupart, and Vis, 1959) , its effect may be appreciable in this condition. Figure 1 shows that the colour of the cuprous oxide precipitate is dependent on the relative concentration of glucose and creatinine. In the absence of creatinine, the colour is bright red whereas in the presence of 0-3 % creatinine, the colour is yellow at all concentrations of glucose. At low concentrations of glucose a yellow precipitate is obtained if the creatinine/glucose ratio is 1/5 or greater. As the proportion of creatinine decreases the intermediate shades with increasing red are obtained. Glucose is likely to be underestimated in urine with high creatinine and high glucose and overestimated in urine with low creatinine and low glucose.
In recent years the entrenched belief in the constancy of 24-hour excretion of urinary creatinine for any one individual has been shown to be incorrect (Edwards, Bayliss, and Millen, 1969; Zorab, Clark, and Harrison, 1969; Pierro and Johnson, 1970) . Day-to-day variation in the 24-hour urinary creatinine of an individual can be quite large. Much greater would be the fluctuation in the concentration of urinary creatinine of an individual, owing largely to the variation in volume of urine and to a lesser extent to the ingestion of preformed creatinine in the form of fish and meat. It would decrease during the polyurea of diabetes mellitus, in cold and humid weather, and on taking diuretics. The concentration of creatinine would increase in hot, dry weather, in diarrhoea, acute nephritis, fevers, etc. We have come across high-creatinine urine with 4% glucose which gave a yellow precipitate and had been assayed as urine with 1 % sugar, and low-creatinine urine with 1 % glucose which gave a brick-red precipitate and could be mistaken as urine with 2 % glucose or more.
In order not to make this type of error, it is necessary to observe the bulk of the precipitate in addition to its colour, and, better still, to observe the extent of the bluish tinge in the supernatant after the precipitate has settled. If there is no bluish tinge in the supematant the urine must have at least 3 % glucose even if the colour of the precipitate is yellow indicating 1 % sugar. Similarly a brick-red precipitate with a fairly strong blue supernatant would indicate 1 % glucose and not 2 % or more sugar. The optical density of the blue supernatant can be used for an accurate estimation of urinary glucose irrespective of creatinine content (Sur, Shukla, and Agashe, 1972) .
The influence of creatinine on the colour of cuprous oxide precipitate explains why it is not possible to obtain greenish or yellowish suspensions with one or two drops of high-glucose urine as the small sample has very little creatinine. It also explains why one or two drops of high-sugar urine can be used for a semi-quantitative assay together with additional drops of normal urine which provides creatinine in sufficient quantity.
Incidentally We are grateful to Dr G. Sur for valuable suggestions in the course of this work.
